1. Introduction {#s1}
===============

As a leading risk factor of disease burden, high systolic blood pressure (SBP) was accounting for 10.4 million deaths and 218 million disability-adjusted life-years (DALYs) in 2017 globally.^\[[@b1]\]^ Given the aging population and the pervasion of modern lifestyles, we are expected to witness a continued increase of global prevalence of hypertension among adults from 26.4% in 2000 to 29.2% in 2025, and the number of adults with hypertension was predicted to increase by 60% to a total of 1.56 billion.^\[[@b2]\]^ According to the data of China Hypertension Survey (2012-2015), 23.2% of Chinese adults were hypertensive^\[[@b3]\]^ and caused approximately a quarter of global deaths and DALYs.^\[[@b4]\]^ Therefore, the accompanying public health challenge is an essential issue to be solved urgently.

Soybean products have long been part of daily diet, and an impressive amount of studies has investigated its health effects during the past three decades.^\[[@b5]\]^ Previous researches suggested that soybean products may be associated with reduced blood pressure (BP). However, discrepancies in conclusions still exist due to different designs of observational or clinical interventional studies, diverse characteristics of study populations, varying types of soybean products like tofu or isolated soy protein (ISP) or isoflavones extract, different manufacturing process, exposure durations, and consumption amounts.^\[[@b6]-[@b12]\]^

Moreover, soybean products are more likely to be taken as part of lifelong dietary pattern among Chinese population.^\[[@b12]-[@b14]\]^ Cross-sectional investigations in the western populations yielded non-significant association between soy phytoestrogen consumption and BP.^\[[@b15],\ [@b16]\]^ A longitudinal study among middle-aged and elderly Chinese women showed that soy protein intake was inversely associated with BP.^\[[@b12]\]^ Nevertheless, evidence was limited on the associations of soybean products with risk of incident hypertension and longitudinal blood pressure changes among the Chinese population. Thus, additional epidemiologic studies are needed to clarify these inconsistencies among Chinese population.

Here, we aimed to investigate the association between usual intakes of total soybean products and risk of incident hypertension as well as longitudinal BP changes during follow-up among participants from the Prediction for Atherosclerotic Cardiovascular Disease (ASCVD) Risk in China (China-PAR), a large cohort study among general Chinese adults with a wide range of soybean products consumption levels.

2. Methods {#s2}
==========

2.1. Study population {#s2-1}
---------------------

The China-PAR project was initiated to investigate the epidemic of CVD and identify the risk factors among general Chinese adults, of which detailed description has been published elsewhere.^\[[@b17]\]^ The currents study was based on three sub-cohorts of the China-PAR project with information on soybean products consumption, including the China Multi-Center Collaborative Study of Cardiovascular Epidemiology (China MUCA-1998), the International Collaborative Study of CVD in Asia (InterASIA), the Community Intervention of Metabolic Syndrome in China & Chinese Family Health Study (CIMIC). The China MUCA- 1998 cohort has been established since 1998, the InterASIA since 2001 and both were followed twice between 2007 to 2008, and 2012 to 2015, respectively. The CIMIC cohort was established during 2007 to 2008 and followed between 2012 and 2015. Participants were eligible for the present study if they attended the baseline survey and at least one follow-up examination, provided information on soybean products consumption, BP, and antihypertensive medication. Of the 113, 448 original participants, 8, 185 were lost to follow-up. We excluded 1, 896 participants who reported a history of CVD at baseline and 624 participants with missing data on soybean products consumption and 35, 244 with hypertension at baseline or missing information on BP. Finally, 67, 499 participants were available for the current study (Figure S1 in the supplementary material).

These preceding studies were approved by the Institutional Review Board at Fuwai Hospital and participating institutes. Informed consent was obtained from each participant prior to data collection.

2.2. Data collection and outcome measures {#s2-2}
-----------------------------------------

Information on age, gender, smoking and drinking status, physical activity, dietary habits and medical history was collected during field investigations by trained and certificated research staff using standard questionnaires at baseline. Soybean products consumption was measured by food frequency questionnaire. Participants were required to recall how frequently they consumed different soybean products, and the weight they consumed each time on average. The consumption amount was measured by the weight of tofu, and the amounts of other types (soy milk, bean curd, etc.) were converted into tofu based on the percent of soy protein content according to China Food Composition.^\[[@b18]\]^ BP and anthropometric measurements were collected by trained and certified observers following standard protocols and technique during baseline clinical examination.^\[[@b19]\]^ Participants were required to avoid cigarette smoking, alcohol, caffeinated beverages, and exercise for at least 30 min, and then three BP readings were obtained in a seated position after 5 min of rest. The average of the three BP measurements was employed in the analysis. Follow-up examinations included standardized questionnaires; physical examination followed the same practice protocols as the baseline.

2.3. Statistical methods {#s2-3}
------------------------

The daily consumption amounts of soybean products were categorized into the ideal (≥ 125 g/day) or non-ideal (\< 125 g/day) group. This cut-point was chosen based on the recommendation of Dietary Guidelines for Chinese Residents.^\[[@b20]\]^ Hypertension was defined as SBP ≥ 140 mmHg, and/or diastolic BP (DBP) ≥ 90 mmHg, and/or use of antihypertensive medication within the previous two weeks.^\[[@b21]\]^ Incident cases were defined as participants who were identified as hypertensive during the follow-up surveys or reported use of anti-hypertension medication among those without hypertension at baseline. The number of person- years of follow-up was calculated from the date of baseline survey until date of identification of incident hypertension, start date of antihypertensive medication therapy, or the date of the last follow-up interview.

Differences in means and proportions of baseline characteristics according to soybean products intake categories were tested by *t*-test for continuous variables and chi-square test for categorical variables. Cox regression was used to calculate hazard ratios (HRs) and corresponding 95% confidence intervals (CIs) in relation to soybean products consumption. The following variables were adjusted stepwise in multivariable models: age (continuous), sex (men/women), region (north/south), area (rural/urban), cohort (InterASIA/China MUCA-1998/CIMIC), education level (≥ 12 years or not), family history of hypertension (yes or no), smoking (yes or no), alcohol drinking (yes or no), physical activity level (ideal or not), other dietary factors (including fresh fruits and vegetables, red meat, fish, and tea, ideal or not), body mass index (BMI) and baseline SBP. Definitions for ideal physical activity level and other dietary factor were described in detail elsewhere.^\[[@b22]\]^ Restricted cubic splines were further employed to explore potential dose-response association between the daily consumption amounts of soybean products as a continuous variable and the risk of incident hypertension. After further exclusion of 902 participants at the first follow-up and 4, 649 participants at the second follow-up who were taking antihypertensive drugs, we also examine the relations of soybean products consumption to mean differences of BP levels during follow-up using generalized linear models among participants with repeated measures of BP. Subgroup analyses were carried out based on baseline characteristics and the interactions between soybean products consumption categories and baseline characteristics were also examined by adding product terms into multivariable models. A supplementary comparison of baseline characteristic was also conducted between included participants and those excluded because of loss to follow-up or missing information.

Statistical analyses were performed using SAS statistical package (version 9.4. SAS Institute, Inc., Cary, NC). All tests were two-sided, and *P* \< 0.05 was considered statistically significant.

3. Results {#s3}
==========

The baseline characteristics are presented by soybean products consumption categories in [Table 1](#Table1){ref-type="table"}. A total of 67, 499 participants accomplished the follow-up survey, with a median follow-up period of 7.4 years. Overall, 3, 679 (5.45%) consumed soybean products ≥ 125 g/day and 63, 820 (94.55%) \< 125 g/day. Participants with higher soybean products intake were more likely to be older, physical active, be southern and rural residents, non-smokers, habitual drinkers, and to have lower prevalence of family history of hypertension, longer school education years, higher BMI and lower BP at baseline. Higher soybean products intake was also associated with the intake of fresh fruits and vegetables, fish, and tea. A total of 13, 123 participants developed hypertension during follow-up, with an overall incidence of 26.4/1000 person-years, 21.3/1000 person-years, and 26.7/ 1000 person-years among those with 125 g/day soybean product intake or not, separately.

###### 

Baseline characteristics of study participants by soybean products consumption categories.

                                               **All participants (*n* = 67, 499)**   **\< 125 g/day (*n* = 63, 820)**   **≥ 125 g/day (*n* = 3, 679)**   ***P*-value**
  -------------------------------------------- -------------------------------------- ---------------------------------- -------------------------------- ---------------
  Age, yrs                                     48.78 ± 11.98                          48.71 ± 11.94                      49.91 ± 12.63                    \< 0.0001
  Male, %                                      39.47                                  39.45                              39.93                            0.5592
  Northern, %                                  42.81                                  43.43                              32.02                            \< 0.0001
  Urban, %                                     9.83                                   10.15                              4.4                              \< 0.0001
  Smokers, %                                   26.51                                  26.61                              24.94                            0.0261
  Habitual drinkers, %                         18.05                                  17.91                              20.53                            \< 0.0001
  Family history of hypertension, %            23.15                                  23.31                              20.30                            \< 0.0001
  School education ≥ 12 years, %               15.62                                  15.57                              16.46                            0.1478
  Physical active, %                           69.23                                  68.68                              78.73                            \< 0.0001
  Fresh fruits and vegetables ≥ 500 g/day, %   45.19                                  44.92                              49.88                            \< 0.0001
  Red meat ≤ 50 g/day, %                       86.51                                  86.49                              86.79                            0.6143
  Fish ≥ 200 g/week, %                         37.36                                  36.79                              47.24                            \< 0.0001
  Tea ≥ 50 g/month, %                          24.68                                  24.86                              21.55                            \< 0.0001
  BMI, kg/m^2^                                 23.05 ± 3.33                           23.04 ± 3.32                       23.31 ± 3.39                     \< 0.0001
  SBP, mmHg                                    117.11 ± 11.51                         117.15 ± 11.52                     116.39 ± 11.35                   \< 0.0001
  DBP, mmHg                                    73.48 ± 8.01                           73.54 ± 7.99                       72.32 ± 8.32                     \< 0.0001

Soybean products intake was inversely associated with the risk of incident hypertension. Compared with participants who consumed \< 125 g of soybean products per day, HR for those who consumed soybean products ≥ 125 g/day was 0.85 (95% CI: 0.77-0.92) after adjustment of age, sex, baseline BMI and SBP. Further adjustment of geographic region, urbanization, cohort sources, education level, family history of hypertension, smoking and drinking status, and physical activity level, the inverse association was strengthened, with HR of 0.73 (95% CI: 0.67-0.80). Adjusting for other dietary factors in the model, it did not make substantial changes to the observed association. In addition, analysis used restricted cubic splines indicated a linear, dose-response relation between soybean products consumption and incident hypertension (*P*-linear \< 0.0001) ([Figure 1](#Figure1){ref-type="fig"}).

![The dose-response analysis between consumption amounts of soybean products and HRs of hypertension incidence.](jgc-17-7-384-1){#Figure1}

There were significant interactions between soybean products intake and age, sex, urbanization and geographic region (*P* for interaction \< 0.05). For example, compared with participants who consumed \< 125 g soybean products per day, the multivariable adjusted HRs were 0.67 (95% CI: 0.59-0.76) for those consumed at least 125 g/day among women, and 0.81 (95% CI: 0.72-0.92) among men, respectively (*P* for interaction = 0.0056) ([Figure 2](#Figure2){ref-type="fig"}).

![HRs of overall incidence of hypertension associated with ideal intake of soybean products (≥ 125 g/day).](jgc-17-7-384-2){#Figure2}

Ideal soybean products consumption was also inversely associated with both SBP and DBP levels ([Figure 3](#Figure3){ref-type="fig"}). The multivariable adjusted mean SBP was 1.05 mmHg lower (95% CI: 0.71-1.39) and the mean DBP was 0.44 mmHg lower (95%CI: 0.22-0.66) among participants who consumed soybean products ≥ 125 g/day than those who consumed \< 125 g/day. There were interactive effects between soybean products intake with sex, geographic region, age, and smoking status for SBP (All *P* for interaction \< 0.05). For example, mean SBP was 1.40 mmHg (95% CI: 0.96- 1.83) lower among women who consumed ≥ 125 g/day soybean products than those who consumed \< 125 g/day, while the SBP difference was much feeble and did not reach statistical significance among men. In addition, the association of soybean products intake with mean BP levels was more evident among those who did not develop hypertension during follow-up (*P* for interaction \< 0.05 for both SBP and DBP).

![Changes in SBP and DBP (mmHg) during a median follow-up period of 7.4 years with ideal intake of soybean products (≥ 125 g/day).](jgc-17-7-384-3){#Figure3}

In addition, compared with the included participants, the excluded ones were younger, more likely to be northern and urban residents, reported less family history of hypertension, more likely to be smokers, physical inactive and have higher BMI; they tended to eat more red meat, less fish and more soybean products; they also had higher baseline SBP and DBP levels.

4. Discussion {#s4}
=============

By employing data from large perspective cohorts, the present study illustrated the association between intake of soybean products and the risk of hypertension among general Chinese adults. At least 125 g/day intake of soybean products was associated with a 27% lower risk of incident hypertension, as well as 1.05 mmHg and 0.44 mmHg lower of SBP and DBP among apparently healthy Chinese adults during a median follow-up period of 7.4 years. These findings suggested that soybean products intake might be a healthy dietary choice for primary prevention against high BP.

The inverse associations between soybean products consumption and BP were biologically plausible. Soy and some of its important constituents, such as soy protein, isoflavones, phytosterols and lecithin, have been suggested to lower risk for high BP through improving endogenous nitric oxide production, promoting vasodilation, scavenging the free radicals, and relieving oxidative stress.^\[[@b23]-[@b27]\]^ However, *in vitro* and animal studies do not duplicate the complexity of soybean products in their natural milieu, or others and thus, are of doubtful relevance to understanding the effects of soybean products in humans.

Some previous clinical studies have investigated the effect of soybean products on BP while inconsistencies still exist and deserve discussion. In the current study, mean SBP and DBP was 1.05 mmHg and 0.44 mmHg lower among participants with soybean products intake ≥ 125 g/day than those \< 125 g/day, which was similar with those from randomized controlled trials (RCTs).^\[[@b7]-[@b11]\]^ Different pooled analyses of previous RCTs showed that SBP and DBP were reduced by approximately 1.6 to 5.8 mmHg and 0 to 2.0 mmHg among soybean products, ISP or soy isoflavone extract treatment groups.^\[[@b7]-[@b11]\]^ However, only a few of the original trials in the pooled analysis produced robust reductions in response to soybean products interventions while the vast majority reported only modest or non-significant reductions.^\[[@b28]-[@b33]\]^ Unlike the assessment of traditional soybean products in this study, most of the trials focused on ISP or soy isoflavone extract, which neglected the effects of other soy components and their potential interactions. Differences in characteristics of the study participants, exposure durations and dosages also accounted for the discrepancies.

Despite large amounts trials, findings from epidemiologic studies with long observation periods are scanty. Results of the Shanghai Women\'s Health Study (SWHS) showed that the usual soy food intake at baseline was inversely associated with both SBP and DBP levels measured two or three years later. The reported mean differences were 1.9 mmHg and 0.9 mmHg lower of SBP/DBP among women with ≥ 25 g/day soy protein intake compared with those with \< 25 g/day, which was strengthened among older and postmenopausal women.^\[[@b12]\]^ In the current study, we found that soybean product intake was associated 1.05/0.44 mmHg lower of SBP/DBP among participants with 125 g/d intake compared with those who took less or none, and the protective effect against longitudinal BP increase was more pronounced among women. In addition, we found that 125 g/d soybean product intake was associated with 27% lower risk of hypertension. Soybean product intake was reported to be inversely associated with the development of high BP during the 5-year follow-up among middle-aged Japanese men and women with normal BP at baseline.^\[[@b6]\]^ However, the result was only significant for fermented soy products like miso and natto, but not unfermented soy products (tofu).

There was an observed contrast between the strength of the association between soy intake and the reduced risk of developing hypertension, and the moderate magnitude of BP difference between people with high and low soy intake during follow-up. We considered it as a reflection of regression to the mean. In other words, participants with higher baseline BP levels were more likely to develop hypertension during follow-up, while their BP only needed to increase less to reach the diagnostic criteria or 140/90 mmHg.

Several other factors were observed to interact with soybean product intake on the risk of hypertension or BP changes. We found that intake of soybean products (≥ 125 g/day) could reduce the risk of incident hypertension for both sexes while the inverse association was strengthened among women. The risk of incident hypertension was reduced by 32% among women with soybean products intake (≥ 125 g/day) and by 19% among men, compared with those who took soybean products \< 125 g/day (*P* for interaction = 0.0056). However, sex differences were detected in previous cross-sectional investigations in China and Japan, and they found that intake of soybean products was only inversely associated with BP levels only in men but not in women.^\[[@b34],\ [@b35]\]^ These sex-differences could be result from the estrogen-like activity of soy isoflavones^\[[@b36],\ [@b37]\]^ and the inconsistencies might be due to different risk factor and hypertension prevalence in different populations. We also notified interactions between soybean product intake and baseline residential areas and geographic regions. Hypertension incidence has been higher in northern China than that in southern China due to complex reasons including high-salt and high-energy diet, higher prevalence of obesity, higher alcohol consumption, lack of calcium and vitamin D, and cold weather, etc. The effects of all these risk factors might cover or weaken the observed effect of soybean products. In addition, the northern residents consumed less soybean products than the southern residents, which might also influence then statistical power. While for the residential areas, the main reason might be the limited number of individuals in urban areas. Further studies are still needed to confirm and clarify the interactions between baseline characteristics and intake of soybean products.

One of strengths of this study is that the large sample size of participants with a wide range of soybean products consumption allowed us to evaluate the effect of usual soybean products intake on hypertension in general populations. Rigorous field survey carried out by trained and certificated staff also guaranteed the data quality. However, several limitations of the current study should also be noted. First, the weight conversion and uniform across different soybean products in the current study was solely based on the constituent of soy protein. Thus, we could not differentiate the effects of other soy constituents like isoflavones, dietary fibers, and the potential interactions in between. Second, we used questionnaires to collect information on soybean intake instead of objective measurements, and meanwhile it was hard to obtain accurate date of hypertension incidence in a cohort study with limited follow-up surveys out of clinical setting. However, such memory deviations relating to exposure and outcome were unlikely to be associated with other. Thus, they might not serve as systematically recall bias or influence the results. Third, the younger age, higher intake of soybean products, and higher baseline BP levels of excluded participants might lead to slightly overestimation of the association. However, the small number of excluded participants might play only a limited role. In addition, we did not collect information regarding to the fermentation type of soybean products. Though the Japanese study showed that only fermented soybean products (natto and miso) could reduce the risk of high BP, our results were mainly based on unfermented soybean products (tofu, bean curd and soymilk, *etc.*, which were the main consumed type in China). However, natto and miso are mainly consumed in Japan, and the local fermented soybean products (soy pasta or stinky tofu) are consumed much fewer in weight. Third, we could not rule out residual confounding despite the adjustment of a wide range of confounders. For example, we failed to collect information on dietary salt intake which had an obvious influence on blood pressure level.

In conclusion, we found that soybean products consumption could reduce the risk of incident hypertension and slower the longitudinal BP increase. As the leading risk factor of CVD, premature deaths and disease burden, even small change of BP is of great public health significance.^\[[@b38]\]^ Our results indicated that soybean products intake might be a healthy dietary choice and provided direct scientific evidence for primary prevention of hypertension through dietary guidance among Chinese population.
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